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(54) TOBACCO-BASED NICOTINE AEROSOL GENERATION SYSTEM

(57) The invention relates to devices and methods
for delivering nicotine and/or other alkaloids from tobac-
co, other plants and other natural sources. More partic-
ularly, the invention relates to devices and methods for
delivering an aerosol of nicotine to a user’s lungs without

combustion of the nicotine source materials. In some em-
bodiments, the invention relates to devices comprising a
source of a compound for forming particles comprising
nicotine and/or other alkaloid(s) (30) and a natural prod-
uct nicotine source (20).
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Description

TECHNICAL FIELD

[0001] The invention relates to devices and methods for delivering nicotine and/or other alkaloids from tobacco, other
plants and other natural sources. More particularly, the invention relates to devices and methods for delivering an aerosol
of nicotine to a user’s lungs without combustion of the nicotine source materials.

BACKGROUND ART

[0002] Pulmonary drug delivery systems have been used for decades to deliver medicaments for the treatment of
respiratory disorders. The principle behind pulmonary drug delivery is aerosolization of drug compounds to be delivered
to bronchioles and alveoli. Despite facing challenges like particle size optimization and degradation, a number of com-
panies have developed technologies to deliver treatments for diabetes, migraine, osteoporosis and cancer.
[0003] Many preclinical and clinical studies have demonstrated that pulmonary delivery of medicaments is an efficient
method for the treatment of both respiratory and systemic diseases. The many advantages of pulmonary delivery are
well recognized and include rapid onset, patient self-administration, reduced side-effects, ease of delivery by inhalation,
and the elimination of needles.
[0004] It has been reported that in order to deliver a powder directly into the lower respiratory regions the powder
should generally have a particle size of less than 5 mm. Further, powders in the 5-10 mm range have been found not to
penetrate as deeply and instead tend to stimulate the upper respiratory tract regions.
[0005] Despite the foregoing medicinal applications, methods for the delivery of nicotine, other than by traditional
combustion alternatives, have not significantly deviated from delivery via the traditional transdermal and oral routes to
include pulmonary delivery via inhalation.
[0006] Nicotine can be more easily acquired and stored as tobacco (or other plant material) than in a purified form
(e.g. nicotine base) and the nicotine therein is preserved in a more stable form. Also, use of tobacco as a source of
nicotine facilitates delivery of the natural flavors therein. Moreover, other alkaloids naturally present in tobacco, such as
nornicotine, may be delivered along with the nicotine.
[0007] Combustion to release nicotine, however, produces a complex mix of additional compounds and particles in
the form of smoke. Near combustion heat or high temperature conditions (greater than 150 degrees C) to release nicotine
from tobacco requires significant energy and a heat delivery system sufficient in strength to provide the high heat required.
The nicotine derived from the tobacco at near combustion temperatures represents a relatively minor portion of that
available upon combustion.
[0008] Thus, there is a need for new methods to prepare aerosols for nicotine delivery utilizing tobacco or other plant
products. The present disclosure describes in part a method for combining such nicotine with a compound for forming
particles comprising the nicotine and/or other alkaloid(s) for delivery in a gaseous stream to generate an aerosol for
pulmonary delivery.

DISCLOSURE OF INVENTTON

Brief Summary of the Invention

[0009] In some embodiments, the disclosure relates to a method of delivering nicotine to a subject by inhalation, the
method comprising the steps of:

a) first placing a gaseous carrier in communication with a natural product nicotine source comprising a nicotine,

b) second placing the gaseous carrier in communication with a source of a compound for forming particles comprising
nicotine and/or other alkaloid(s), and

c) third providing the gaseous carrier comprising the nicotine to a subject.

[0010] In some embodiments, the disclosure relates to a method of delivering nicotine to a subject by inhalation, the
method comprising the steps of:

a) first placing a gaseous carrier in communication with a source of a compound for forming particles comprising
nicotine and/or other alkaloid(s),
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b) second placing the gaseous carrier in communication with a natural product nicotine source comprising a nicotine,
and

c) third providing the gaseous carrier comprising the nicotine to a subject.

[0011] In some embodiments, the disclosure relates to a method of delivering nicotine to a subject by inhalation, the
method comprising the steps of:

a) placing a first gaseous carrier in communication with a source of a compound for forming particles comprising
nicotine and/or other alkaloid(s),

b) placing a second gaseous carrier in communication with a natural product nicotine source comprising a nicotine,

c) combining the first and second gaseous carriers to form nicotine particles in a combined gaseous carrier, and

c) providing the combined gaseous carrier comprising the nicotine particles to a subject.

[0012] In some embodiments, the disclosure relates to the method of paragraphs [0010], [0011] or [0012], wherein
the source of the compound for forming particles comprising nicotine and/or other alkaloid(s) comprises a plurality of
internal areas comprising two or more precursor compounds.
[0013] In some embodiments, the disclosure relates to the method of paragraph [0013] wherein the compound for
forming particles comprising nicotine and/or other alkaloid(s) comprises ammonium chloride and the two or more pre-
cursor compounds include ammonia and hydrogen chloride.
[0014] In some embodiments, the disclosure relates to the methods of [0010]-[0013], or [0014], wherein the compound
for forming particles comprising nicotine and/or other alkaloid(s) comprises an acid.
[0015] In some embodiments, the disclosure relates to the method of [0015], wherein the acid is an organic acid.
[0016] In some embodiments, the disclosure relates to the method of [0016], wherein the organic acid has a greater
vapor pressure than nicotine base at a given temperature.
[0017] In some embodiments, the disclosure relates to the method of [0017], wherein the given temperature is 25, 30,
40, 45, 60, 70 or 100 degrees C.
[0018] In some embodiments, the disclosure relates to the methods of [0016], [0017], or [0018] wherein the acid is
selected from the group consisting of 3-Methyl-2-oxovaleric acid, Pyruvic acid, 2-Oxovaleric acid, 4-Methyl-2-oxovaleric
acid, 3-Methyl-2-oxobutanoic acid, 2-Oxooctanoic acid and combinations thereof
[0019] In some embodiments, the disclosure relates to the methods of [0010]-[0018], or [0019], wherein the nicotine
particles formed are less than 6 microns in Mass Median Aerodynamic Diameter.
[0020] In some embodiments, the disclosure relates to the method of [0020], wherein the particles are less than 1
micron in Mass Median Aerodynamic Diameter.
[0021] In some embodiments, the disclosure relates to the method of [0020], wherein at least some of the particles
are between 0.5 and 5 microns in Mass Median Aerodynamic Diameter.
[0022] In some embodiments, the disclosure relates to the methods of [0010]-[0021], or [0022], further comprising the
step of increasing the temperature of the compound for forming particles comprising nicotine and/or other alkaloid(s),
the source of the compound for forming particles comprising nicotine and/or other alkaloid(s), the nicotine and/or other
alkaloid(s), the natural product nicotine source and/or the gaseous carrier.
[0023] In some embodiments, the disclosure relates to the method of [0023], wherein the temperature is increased to
at least 30 or at least 60 degrees Celsius.
[0024] In some embodiments, the disclosure relates to the methods of [0010]-[0023], or [0024], wherein the gaseous
carrier comprises at least 10 micrograms of nicotine in a volume of gaseous carrier provided to the subject.
[0025] In some embodiments, the disclosure relates to the method of [0025], wherein the volume of gaseous carrier
delivered to the subject is provided as a single volume.
[0026] In some embodiments, the disclosure relates to a method of tobacco product use cessation comprising one or
more of the methods of [0010]-[0025], or [0026] and further comprising a delivery to the subject of a therapeutically
effective amount of nicotine to at least partially replace nicotine derived from a combustion tobacco product (e.g. cigarettes
and cigars).
[0027] In some embodiments, the disclosure relates to a method of treating a disease for which nicotine is therapeu-
tically beneficial comprising one or more of the methods of [0010]-[0025], or [0026], wherein a therapeutically effective
amount of nicotine is provided to the subject.
[0028] In some embodiments, the disclosure relates to the method of [0028], wherein the disease is selected from the
group consisting of nicotine addiction, obesity, Alzheimer’s Disease, Parkinson’s Disease, Ulcerative Colitis, Multiple
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Sclerosis and combinations thereof.
[0029] In some embodiments, the disclosure relates to a method of tobacco product substitution comprising delivering
nicotine to a subject by the methods of [0010]-[0025], or [0026] to substitute for nicotine derived from a combustion
tobacco product (e.g. cigarettes and cigars).
[0030] In some embodiments, the disclosure relates to a method of tobacco product harm reduction comprising de-
livering nicotine to a subject by the methods of [0010]-[0027], or [0028] to replace nicotine derived from a combustion
tobacco product (e.g. cigarettes and cigars).
[0031] In some embodiments, the disclosure relates to a device configured to be capable of carrying out the methods
of [0010]-[0030], or [0031].
[0032] In some embodiments, the disclosure relates to a device for delivering nicotine to a subject, the device comprising
a housing, the housing comprising:

a) an inlet and an outlet in communication with each other and adapted so that a gaseous carrier may pass into the
housing through the inlet, through the housing and out of the housing through the outlet, the device comprising from
inlet to outlet:

b) a first internal area in communication with the inlet, the first internal area comprising either a source of the
compound for forming particles comprising nicotine and/or other alkaloid(s) or a natural product nicotine source,

c) a second internal area in communication with the first internal area, the second internal area comprising the other
source listed for step b), and

d) optionally, a third internal area in communication with the second internal area and the outlet.

[0033] In some embodiments, the disclosure relates to a device for delivering nicotine to a subject, the device comprising
a housing, the housing comprising:

a) an inlet and an outlet in communication with each other and adapted so that a gaseous carrier may pass into the
housing through the inlet, through the housing and out of the housing through the outlet, the device comprising from
inlet to outlet:

b) a first internal area in communication with the inlet, the first internal area comprising a source of the compound
for forming particles comprising nicotine and/or other alkaloid(s),

c) a second internal area in communication with the inlet, the second internal area comprising a natural product
nicotine source, and

d) optionally, a third internal area in communication with the first and second internal areas and the outlet.

[0034] In some embodiments, the disclosure relates to the device of [0033] or [0034] wherein a partial vacuum at the
outlet is capable of pulling the gaseous carrier through the inlet, the first compartment, the second compartment, the
third compartment, when present, and then through the outlet.
[0035] In some embodiments, the disclosure relates to the device of [0033], [0034] or [0035] wherein the source of
the compound for forming particles comprising nicotine and/or other alkaloid(s) comprises an adsorption element with
the compound for forming particles comprising nicotine and/or other alkaloid(s) adsorbed thereon.
[0036] In some embodiments, the disclosure relates to the device of [0036] wherein the adsorption clement or elements
comprises at least one of glass, aluminum, Polyethylene Terephthalate (PET), Polybutylene Terephthalate (PBT), Pol-
ytetrafluoroethylene (PTFE or TEFLON®), Expanded Polytetrafluoroethylene (ePTFE) (ePTFE is described for example
in U.S. Patent No. 4,830,643), and BAREX®.
[0037] In some embodiments, the disclosure relates to the devices of [0033]-[0036], or [0037], further comprising a
first reservoir in communication with the source of the compound for forming particles comprising nicotine and/or other
alkaloid(s), the first reservoir comprising the compound for forming particles comprising nicotine and/or other alkaloid(s).
[0038] In some embodiments, the disclosure relates to the devices of [0033]-[0037], or [0038], comprising the third
internal area, the third internal area optionally comprising a gaseous carrier turbulence element and/or an additional
source element.
[0039] In some embodiments, the disclosure relates to the device of [0033]-[0038], or [0039], further comprising an
internal area element in communication with the outlet optionally comprising a purifying agent.
[0040] In some embodiments, the disclosure relates to the device of [0040], wherein the purifying agent comprises
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activated charcoal.
[0041] In some embodiments, the disclosure relates to the devices of [0039], [0040], or [0041], wherein the third internal
area element comprises a flavoring agent.
[0042] In some embodiments, the disclosure relates to the devices of [0039] or [0042], where the third internal area
clement comprises a medicament.
[0043] In some embodiments, the disclosure relates to the device of [0043], wherein the medicament comprises
nicotine.
[0044] In some embodiments, the disclosure relates to the devices of [0033]-[0043], or [0044], wherein the housing
simulates a tobacco smoking product.
[0045] In some embodiments, the disclosure relates to the device of [0045], wherein the tobacco smoking product is
a cigarette.
[0046] In some embodiments, the disclosure relates to any of the methods or devices of [0010]-[0045], or [0046]
wherein the natural product nicotine source has been treated to increase the release of volatile nicotine and/or other
alkaloid(s), from the natural product nicotine source, by one or more of the following:

• Minutizing the natural product nicotine source such as cutting, chopping or grinding.
• Raising the pH of the natural product nicotine source above neutral pH, such as above pH 8.0, above pH 9.0 or

above pH 10.0.
• Mixing or homogenization of the natural product nicotine source to produce a liquefied suspension, optionally clarified

to remove some to all visible particulate matter.
• Supplementing the natural product nicotine source with nicotine base.
• Treating the natural product nicotine source with enzymes or detergents to break down the cellulose contained

therein in order to render the nicotine more available for release through volatilization or other means.
• Using molecular sieves or other desiccants to reduce the water content of the natural product nicotine source in

order to increase the relative concentration of nicotine.
• Using high salt content solution (e.g. saturated NaCl solution or brine) to extract nicotine and other alkaloids. In

particular embodiments, the high salt solution is contacted with the nicotine source (e.g. tobacco leaf) at > 25 degrees
C and/or > pH 7.0 to increase the amount of nicotine extracted. See "Nicotine Extraction Preliminary Study of
Methods for High Nicotine Leaf Extraction" http://tobaccodocumcnts.org/lor/89651655-1665.html. In other embod-
iments the nicotine and high salt content solution may be rendered basic and/or heated to concentrate the extracted
nicotine into a separate phase for enhanced volatilization. The first treatment at > 25 degrees C and/or > pH 7.0
may be followed by the second treatment to render the resultant extract basic and/or heated.

[0047] In some embodiments, the disclosure relates to any of the methods or devices of [0010]-[0045], or [0047],
wherein the temperature of one or more of a) the nicotine source, b) the source of the compound for forming particles
comprising nicotine and/or other alkaloid(s) and/or c) the gaseous carrier, is below 150 degrees C, preferably below 100
degrees C such as 25, 30, 40, 45, 60, 70 or 80 6 5 degrees C.
[0048] The foregoing has outlined rather broadly the features and technical advantages of the present invention in
order that the detailed description of the invention that follows may be better understood. Additional features and ad-
vantages of the invention will be described hereinafter which form the subject of the claims of the invention. It should
be appreciated by those skilled in the art that the conception and specific embodiment disclosed may be readily utilized
as a basis for modifying or designing other structures for carrying out the same purposes of the present invention. It
should also be realized by those skilled in the art that such equivalent constructions do not depart from the spirit and
scope of the invention as set forth in the appended claims. The novel features which are believed to be characteristic
of the invention, both as to its organization and method of operation, together with further objects and advantages will
be better understood from the following description when considered in connection with the accompanying figures. It is
to be expressly understood, however, that each of the figures is provided for the purpose of illustration and description
only and is not intended as a definition of the limits of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

[0049] For a more complete understanding of the present invention, reference is now made to the following descriptions
taken in conjunction with the accompanying drawing, in which:

FIG. 1 a plan view of an exemplary delivery device;

Figures 2A-C are a set of simplified schematics of the experimental device employed in some of the working examples;
Figure 2A, Components for Miniaturized Aerosol Device Used in Working Examples: 1. Teflon Tube (8mm TD and



EP 3 915 618 A1

6

5

10

15

20

25

30

35

40

45

50

55

10cm long), 2. Teflon Washer (7mm OD), 3. Rolled Stainless Steel Screen (4mm ID and 6cm long), 4. Air-freshener
plug, 5. Teflon Tube (7mm OD); Figure 2B, Components in the Assembled Device: 10. Outer housing for the pyruvic
acid and tobacco sources, 20. Tobacco source, 30. Pyruvic acid source; Figure 2C, Assembled, Sequential Design,
Nicotine Delivery Device: 20. Moistened tobacco mixture packed in between rolled stainless steel screen and Teflon
outer housing, 30. Pyruvic acid in air-freshener plug, 60. Gap between pyruvic acid source and tobacco source
(2cm), 40. Air inlet, 50. Outlet for tobacco aerosol.

Detailed Description

[0050] "Particle" as used herein may refer to a liquid droplet, a solid particulate or a combination of both, such as a
liquid droplet nucleated by a solid particulate.
[0051] "Therapeutically effective amount" as used herein may refer to a concentration or amount of nicotine which
achieves a therapeutic effect in a subject, generally a human subject. The subject has an improvement in a disease or
medically defined condition. The improvement is any alleviation or remediation of the symptoms associated with the
disease. The improvement is an observable or measurable outcome of betterment. Thus, one of skill in the art realizes
that a treatment may improve the disease condition, but may not be a complete cure for the disease. The therapeutic
effect in some embodiments may include reduction or elimination of nicotine craving in a subject suffering nicotine
addiction or in a subject experiencing nicotine use withdrawal symptoms.
[0052] The methods described herein relate to a surprising discovery regarding the dose of nicotine obtained from
nicotine delivery devices utilizing tobacco as a source of nicotine. The inventors have unexpectedly identified methods
for increasing the dose of nicotine delivered to a subject per unit weight of tobacco. The importance of this discovery
lies in an improved ability to substitute for the nicotine delivery subjects experience while smoking cigarettes and similar
tobacco combustion products. With improved nicotine delivery profiles, subjects applying the methods described herein
will be provided with superior nicotine replacement therapy during attempts at smoking cessation, harm reduction and/or
substitution. These discoveries may be further applied to other alkaloids from tobacco, as well as nicotine and other
alkaloids from other plants and other natural sources.
[0053] In some embodiments, the methods involve the step of bringing a gaseous carrier in communication with a
source of nicotine and/or other alkaloid(s). The gaseous carrier in these embodiments is then combined with a compound
for forming particles comprising nicotine and/or other alkaloid(s) capable of improving particle formation of a size suitable
for pulmonary delivery. In some embodiments, the compound for forming particles comprising nicotine and/or other
alkaloid(s) is capable of reacting with nicotine base to form a salt. In particular embodiments, the compound for forming
particles comprising nicotine and/or other alkaloid(s) is capable of reacting with nicotine base to form salt particles. In
preferred embodiments, the particles are less than 6 micrometers, more preferably less than 1 micrometer, in Mass
Median Aerodynamic Diameter. (For Mass Median Aerodynamic Diameter determinations, see Katz IM, Schroeter JD,
Martonen TB, Factors affecting the deposition of aerosolized insulin, Diabetes Technology & Therapeutics, vol. 3 (3),
2001, pp 387-397, incorporated by reference for this teaching).

Gaseous Carrier and Source Thereof

[0054] The gaseous carrier may be any gas capable of containing nicotine vapor, including nicotine base vapor, and
the compound for forming particles comprising nicotine and/or other alkaloid(s). One of skill in the art will readily be able
to select an appropriate gaseous carrier based on the intended use, form of nicotine and specific compounds for forming
particles comprising nicotine and/or other alkaloid(s). In preferred embodiments, the gaseous carrier is substantially
inert with regard to the form of nicotine and/or the compound for forming particles comprising nicotine and/or other
alkaloid(s), at least for the time period contemplated for delivery to a subject. In some embodiments, the gaseous carrier
is ambient air. In other embodiments the gaseous carrier is a substantially pure gas such as carbon dioxide or nitrogen
gas, or a blend of such gases. In such embodiments, the gaseous carrier is supplied from a container designed to hold
and deliver the gaseous carrier in a manner to effect the methods described herein. For example, in embodiments using
metered dose inhaler devices, the gaseous carrier may comprise Hydrofluorocarbons, which include Hydrofluoroalkanes
(HFAs) as propellants. In some of these embodiments, the HFAs are one or more of HFA 134a and HFA 227.

Compounds for forming particles comprising nicotine and/or other alkaloid(s)

[0055] Compounds for forming particles comprising nicotine and/or other alkaloid(s) are those compounds capable of
increasing the total concentration of nicotine particles in either 1) a gaseous carrier loaded with a nicotine vapor or 2) a
gaseous carrier loaded with the compound for forming particles comprising nicotine and/or other alkaloid(s) and then
placed in communication with a nicotine source. Nicotine has a vapor pressure of 0.04 mm Hg at 25° C. Compounds
for forming particles comprising nicotine and/or other alkaloid(s) having a vapor pressure greater than nicotine at a given
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temperature arc preferred particularly if ambient temperatures are used. Non-limiting examples include inorganic acids
such as hydrochloric, hydrobromic, or sulfuric acid, and organic acids including saturated and unsaturated aliphatic
acids, saturated and unsaturated alicyclic acids, aromatic acids (including heterocyclic aromatic), polycarboxylic acids,
hydroxy, alkoxy, keto, and oxo acids, thioacids, amino acids, and each of the preceding optionally substituted with one
or more heteroatoms, including but not limited to halogens. In some embodiments, the compound for forming particles
comprising nicotine and/or other alkaloid(s) is a carboxylic acid. In some of these embodiments, the carboxylic acid is
in the class termed "2-Oxo acids." In some of these embodiments, the carboxylic acid is in the class of α-Keto acids
known as "2-Keto acids". In some of these embodiments, the acid is selected from the group consisting of 3-Methyl-2-
oxovaleric acid, Pyruvic acid, 2-Oxovaleric acid, 4-Methyl-2-oxovaleric acid, 3-Methyl-2-oxobutanoic acid, 2-Oxooctanoic
acid and combinations thereof. In some embodiments, the compound for forming particles comprising nicotine and/or
other alkaloid(s) forms solid particles, for example salt particles. Embodiments comprising such nicotine salt particles
have the advantage of being neutralized such that the acrid, harsh flavor of nicotine base is avoided. In other embodiments,
the compound for forming particles comprising nicotine and/or other alkaloid(s) forms a liquid droplet aerosol.
[0056] Alternatively, the compound for forming particles comprising nicotine and/or other alkaloid(s) forms a particulate
aerosol, the particles of which may, for example, adsorb or absorb nicotine base. In particular embodiments, the particulate
aerosol includes ammonium chloride salt particles. In embodiments comprising nicotine particle formation or nicotine
adsorption/absorption onto particles the particles formed arc preferably less than 6 microns, more preferably less than
5 microns or less than 1 micron in size.

Nicotine and/or Other Alkaloid(s) Sources

[0057] Any natural materials having nicotine and/or other alkaloid(s) content may be suitable for use as a nicotine
source. Plant materials, in particular tobacco, are preferred. By way of example, the subsequent discussion will address
nicotine from tobacco specifically.
[0058] In order to volatilize a sufficient amount of nicotine vapor from the tobacco, a number of parameters maybe
adjusted, including: a) the temperature of the air stream entering the tobacco; b) the nicotine concentration of the tobacco;
and/or c) the addition of other (preferably nonvolatile) alkaline substances (e.g., calcium oxide or calcium hydroxide or
sodium hydroxide or sodium bicarbonate or potassium hydroxide or potassium carbonate) to tobacco (as in an aqueous
solution) to promote the liberation of nicotine vapor; d) digestion of the plant with other agents, for example prior to
alkalinization, may be performed to optimize nicotine yield.

Source of the compound for forming particles comprising nicotine and/or other alkaloid(s)

[0059] In some embodiments of the methods, the gaseous carrier is provided pre-combined with the compound for
forming particles comprising nicotine and/or other alkaloid(s). Other embodiments of the methods described herein
include a step of loading a gaseous carrier with a compound for forming particles comprising nicotine and/or other
alkaloid(s) prior to or concurrently with passage of the gaseous carrier over the nicotine source. Alternatively, the gaseous
carrier may be first loaded with nicotine gas or vapor and then combined with the compound for forming particles
comprising nicotine and/or other alkaloid(s). A sequential arrangement such as these has an advantage in terms of
minimizing total air volume inhaled per puff, tending to maximize the nicotine concentration. Alternatively, a parallel
arrangement may be used wherein the gaseous carrier is loaded with nicotine and compound for forming particles
comprising nicotine and/or other alkaloid(s) separately and the two combined to form a gaseous carrier with nicotine
particles. A parallel arrangement may avoid potential impediments (e.g. restrictive orifices) to the flow of aerosol particles
through the device. A parallel arrangement also may in some embodiments mitigate the decline in nicotine yield over
puffs that arc sometimes observed with a sequential arrangement.
[0060] In embodiments encompassing a step of loading gaseous carrier (with or without nicotine) with a compound
for forming particles comprising nicotine and/or other alkaloid(s), the compound for forming particles comprising nicotine
and/or other alkaloid(s) is generally provided in the form of a source of the compound for forming particles comprising
nicotine and/or other alkaloid(s). The gaseous carrier in these embodiments is generally brought into direct communication
with the source such that the compound for forming particles comprising nicotine and/or other alkaloid(s) may enter the
gaseous carrier from the source. In other embodiments the compound for forming particles comprising nicotine and/or
other alkaloid(s) and nicotine are combined with a gaseous carrier separately and then the two combined to form nicotine
particles in the gaseous carrier. In some embodiments, sources of the compound for forming particles comprising nicotine
and/or other alkaloid(s) comprise source elements containing materials which adsorb or absorb the compound for forming
particles comprising nicotine and/or other alkaloid(s). Source element materials will generally be inert with respect to
the compound for forming particles comprising nicotine and/or other alkaloid(s). In some embodiments, the compound
for forming particles comprising nicotine and/or other alkaloid(s) is an acid as described above. Non-limiting examples
of adsorption element materials for such embodiments include glass, stainless steel, aluminum, PET, PBT, PTFE,
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ePTFE, and BAREX®. Non-limiting examples of absorption element materials for such embodiments include PE and PP.
[0061] A source of the compound for forming particles comprising nicotine and/or other alkaloid(s) may in some
embodiments be, or be in communication with, a reservoir of the compound for forming particles comprising nicotine
and/or other alkaloid(s). In some embodiments, the reservoir contains a volume of compound for forming particles
comprising nicotine and/or other alkaloid(s) in liquid form with the liquid reservoir in communication with an adsorbing
or absorbing source element. In other embodiments, the nicotine reservoir is or forms part of the source element. A non-
limiting example of such a combination source and reservoir would be a material (e.g., PE or PP) saturated with a solution
of a compound for forming particles comprising nicotine and/or other alkaloid(s). In particular embodiments, the reservoir
provides sufficient solution to enable a delivery device to provide therapeutically effective doses of nicotine over a desired
time frame. Non-limiting examples would be devices capable of delivering sufficient compound for forming particles
comprising nicotine and/or other alkaloid(s) to enable delivery of 0-100 micrograms of nicotine per 35 cubic centimeter
volume "puff of gaseous carrier for a desired number of puffs per day (e.g. 200) over a desired number of days (e.g. 1-7
days). In certain embodiments, the amount of nicotine delivered is between 10 and 110, 20 and 100, 50 and 100, or 40
and 60 micrograms of nicotine per 35 cubic centimeter volume "puff." Embodiments delivering 0 micrograms of nicotine
are generally intended to be the end points of a gradual nicotine cessation program.

Temperature

[0062] In some embodiments of the methods, the method involves a step of increasing the temperature of one or more
of the gaseous carrier, the tobacco or other plant product used as the nicotine and/or other alkaloid(s) source and the
compound for forming particles comprising nicotine and/or other alkaloid(s). Such temperature control steps are generally
used to regulate or to further enhance the amount of nicotine delivery. In some embodiments, the increase in temperature
is used only if the nicotine levels delivered would generally be otherwise expected to drop below a desired minimum. In
some embodiments this may be more than 20 micrograms, preferably more than 30 micrograms, and more preferably
more than 40 micrograms of nicotine per 35cc volume puff. For example, a common target delivery concentration is
40-50 micrograms nicotine per 35 cubic centimeter volume "puff as measured by a well known technique in the nicotine
delivery field. See The FTC Cigarette Test Method for Determining Tar, Nicotine and Carbon Monoxide Yield of U.S.
Cigarettes: Report of the NCI Ad Hoc Committee. Smoking and Tobacco Control Monograph #7. Dr. R. Shopland (Ed.).
Darby, PA: Diane Publishing Co, 1996. In some embodiments, generally a lower temperature is used first with the
temperature increasing over time to sustain a desired nicotine delivery concentration from a nicotine source. In other
embodiments a constant temperature is maintained during use. In some embodiments, the temperature is elevated to
a maximum of 100 degrees C, a maximum of 70 degrees C, a maximum of 80 degrees C, or the temperature is elevated
to 8065 degrees C. For example, the gaseous carrier or plant materials may be heated to 60 degrees C to facilitate
sustained nicotine release and delivery over multiple puffs at a desired nicotine concentration range (e.g. 20-50 micro-
grams per puff). Temperature control may in some embodiments be effected by a temperature control element. Such
elements may be any known mechanism capable of achieving the desired target temperature for the gaseous carrier,
the nicotine and/or the compound(s) for forming particles comprising nicotine and/or other alkaloid(s).
[0063] In particular embodiments, the same technique used to alkalinize the nicotine source (e.g. tobacco) with calcium
oxide or calcium hydroxide or sodium hydroxide or sodium bicarbonate or potassium carbonate or potassium hydroxide,
thereby increasing nicotine vapor formation, can also be used to heat the tobacco, further increasing the release of
nicotine. For example, sodium hydroxide, when dissolved in water, liberates heat by an exothermic reaction.
[0064] The present disclosure provides methods for delivering nicotine and/or other alkaloid(s) from natural product
nicotine sources such as tobacco at temperatures below 150 degrees C. These relatively low temperature embodiments
in general have the advantage of reducing the complexity of the compounds released from the nicotine and/or other
alkaloid(s) source. For example tobacco specific nitrosamines, such as 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK) and N’-nitrosonornicotine (NNN), are suspected carcinogens. See Hecht, SS; Hoffmann, D. Tobacco-specific
nitrosamines, an important group of carcinogens in tobacco and tobacco smoke. Carcinogenesis. 1988; 9:875- 884.
These compounds have known boiling points above 150 degrees C. See Some Tobacco-specific N-Nitrosamines, IARC
Monographs on the Evaluation of Carcinogenic Risks to Human, IARC Monographs, Volume 89 (2007); ISBN-13
9789283212898. Low temperature embodiments of the present invention operating below 150 degrees C, preferably
below 100 degrees C such as at 80 6 5 degrees C, are able for the first time to both produce sufficient nicotine vapor
from tobacco to deliver therapeutically effective doses of nicotine per 35 cubic centimeter volume "puff while avoiding
the increased volatilization of tobacco-specific nitrosamines that occurs above their boiling point (e.g. over 150 degrees
C). The importance of low temperature embodiments for reducing the number of compounds released is demonstrated
in Experiment 10 below. A low temperature embodiment is tested for nitrogen compound release. The low temperature
embodiment is compared to a typical commercial cigarette. As is shown and well know, cigarette smoke contains a
complex mixture of nitrogen containing compounds such as the tobacco specific nitrosamines discussed above. The
low temperature embodiment tested delivers nicotine while virtually eliminating release of the other nitrogen containing
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compounds seen in cigarette smoke. The importance of the low temperature is further demonstrated by comparison to
the high temperature, noncombustion Accord system. Accord uses an electrical heater to elevate the temperature of
tobacco to approximately 950 degrees F (510 degrees C). Holzman, D. "Safe Cigarette Alternatives? Industry Critics
Say ’Not Yet’" Journal of the National Cancer Institute 1999 91(6):502-504; doi:10.1093/jnci/91.6.502. This temperature
is well below the combustion point for tobacco (approximately 1650 °F). As one would predict from the discussion above
regarding tobacco specific nitrosamines, the Accord system still delivers a complex combination of nitrogenous com-
pounds (although clearly less than that seen in tobacco smoke). Compared to the Accord system, the low temperature
embodiments described herein represent a clear advance for reducing the complexity of co-released nitrogenous com-
pounds in a tobacco based nicotine delivery system. These embodiments also have the advantage of reducing or
eliminating side stream and/or second hand smoke.

Devices

[0065] The methods described herein are generally carried out using specially adapted delivery devices configured
to carry out the methods described herein during device operation. One of skill in the art will be able to design and
produce a variety of delivery devices using the foregoing guidance. The Inventors however provide herein a number of
delivery device configurations to further illustrate the methods herein and their practical application by way of specific
examples. The gaseous carrier delivered to a device user can include a therapeutically effective dose of nicotine for
smoking cessation, harm reduction and/or substitution. Preferred delivery device embodiments arc pulmonary delivery
systems. Pulmonary delivery systems have the ability to deliver consistent doses with suitable particle-size and low
particle-size variability, to the deep lung. Of the various non-invasive drug delivery technologies available, including
nasal, transdermal, buccal, and needle-free injections, pulmonary delivery offers unique potential for precise dose titration,
rapid absorption, and high bioavailability to deliver novel therapeutics and improve delivery of existing compounds.

MODES FOR CARRYING OUT THE INVENTION

SCREENING FOR A SUITABLE EXPERIMENTAL DESIGN FOR TOBACCO-BASED NICOTINE AEROSOL FORMA-
TION

[0066] Several experimental designs were tested as described below to evaluate the generation of aerosol particles
by allowing acid vapor to react instantly with base vapor.

EXPERIMENT #1: PYRUVIC ACID OVER TOBACCO POWDER SUPPLEMENTED WITH NICOTINE BASE

[0067] Objective: The current experiments were designed to investigate the nicotine delivery in aerosol form when
the pyruvic acid vapor passed over the tobacco mixture that was supplemented with nicotine base at 20% w/w of the
dry tobacco weight

Materials and Method:

[0068] Tobacco mixture: Tobacco from 2 Marlboro Lights cigarettes was triturated in mortar and pestle to produce
a coarse powder of tobacco and was transferred into a side arm test tube. The weight of powder was 1.34 g and about
268 mL of nicotine base (20% with respect to dry powder weight) was added to the powder. The powder was mixed
thoroughly (using spatula) with the added nicotine base. The volume of nicotine base was small when compared to the
mass of powder, and thus the powder was not saturated with nicotine.
[0069] Pyruvic acid: About 2 mL of pyruvic acid was measured into a side arm glass test tube for each experiment
and the air flow was introduced through a Pasteur pipette.
[0070] Testing Procedure: Two identical side arm glass tubes (Tube A and B) were used for this experiment. Tube
A had about 2ml pyruvic acid and Tube B had a tobacco mixture (tobacco powder supplemented with 20% w/w nicotine
base). The pyruvic acid vapors (from Tube A) were passed over tobacco mixture (Tube B) and the outlet from tube B
was connected to a Cambridge filter to collect the reaction product upon pulling a volume of 35cc air at 2 seconds
duration (5 seconds interval) for 10 times (10 puffs) or 20 times (20 puffs) by using an automated syringe pump. The
vapor formation in Tube A was enhanced by bubbling air through a glass pipette attached to it.

Results:

[0071] A dense cloud formation was observed upon passing the pyruvic acid vapor over the 20% w/w nicotine base
supplemented tobacco powder mixture. The mean amounts of nicotine delivered in each 10 puffs of 35cc volume are
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furnished in Table 1.

Discussion:

[0072] The nicotine delivery in the first 10 puffs (mean of 24.88 mg/puff) with a dense visible cloud formation observed
during the experiment suggests that using 20%w/w nicotine base supplemented tobacco powder is a successful strategy
for obtaining the targeted (minimum of 10 mg/puff) delivery of nicotine in aerosol form. However, there was a dramatic
fall off phenomenon observed from puff numbers 11 through 50 although there was a significant amount of nicotine in
the test tube (268 mg of nicotine). The fall off might have been due to insufficient volume of nicotine base (liquid to
powder ratio) to coat/moisten the whole amount of tobacco powder that led to improper distribution. In order to make
the added amount of nicotine base available on the surface to form an aerosol with pyruvic acid vapor, we added about
2 mL of a saturated solution of potassium carbonate into the glass test tube that had the 20% w/w nicotine supplemented
tobacco powder and collected 50 puffs. The nicotine delivery was constant without any dramatic fall off and also the
mean nicotine delivery increased twofold (approximately 14 vs. 7 mg/puff). The data indicate that the tobacco powder
should be moistened or soaked with an alkaline medium for sustained nicotine delivery with pyruvic acid.

EXPERIMENT # 2: PYRUVIC ACID OVER ALKALINE MIXTURE OF TOBACCO SUPPLEMENTED WITH 20% NIC-
OTINE BASE

Objective:

[0073] The current experiments were designed to investigate the nicotine delivery in aerosol form when pyruvic acid
vapor passed over the tobacco mixture that was supplemented with nicotine base at 20% w/w of the dried tobacco
weight and alkalinized with saturated solution of lime (calcium oxide).

Table 1. Pyruvic acid vapor passed over 20% nicotine base supplemented tobacco powder at room temperature

Sample ID Nicotine(mg)/puff

Pyruvic acid over 20% w/w nicotine supplemented tobacco 
powder -1

24.88

Pyruvic acid over 20% w/w nicotine supplemented tobacco 
powder -2

4.92

Pyruvic acid over 20% w/w nicotine supplemented tobacco 
powder -3

3.65

Pyruvic acid over 20% w/w nicotine supplemented tobacco 
powder -4

4.01

Pyruvic acid over 20% w/w nicotine supplemented tobacco 
powder -5

0.91

Mean (in 50 puffs) Nicotine/puff = 7.67

About 2 ml of saturated solution of potassium carbonate added to the side arm glass tube that contained the tobacco 
powder and 268 mL nicotine base

Pyruvic acid over 20% w/w nicotine supplemented alkaline 
tobacco mixture-1

14.13

Pyruvic acid over 20% w/w nicotine supplemented alkaline 
tobacco mixture -2

12.20

Pyruvic acid over 20% w/w nicotine supplemented alkaline 
tobacco mixture -3

12.93

Pyruvic acid over 20% w/w nicotine supplemented alkaline 
tobacco mixture -4

12.26

Pyruvic acid over 20% w/w nicotine supplemented alkaline 
tobacco mixture -5

21.41

Mean (in 50 puffs) Nicotine/puff = 14.59
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Materials and Method:

[0074] Tobacco mixture: About 1.5 g of tobacco from Marlboro Lights cigarettes was triturated and mixed with 300
mL of nicotine base (20% w/w of tobacco powder). After waiting for 10 minutes, the mixture was then transferred into a
side arm glass test tube and treated with 5 mL of saturated solution of calcium oxide. The mixture was allowed to sit for
2 hours at room temperature and the pH was measured. The pH of the nicotine supplemented tobacco mixture was 11.91.
[0075] Pyruvic acid: About 2 mL of pyruvic acid was measured into a side arm glass test tube for each experiment
and the air flow was introduced through a Pasteur pipette.
[0076] Testing Procedure: The method described in the Experiment #1 was followed here except that the tube B
contained 1.5 g powder of tobacco from cigarettes, 300 mL of nicotine base and 5 mL of a saturated solution of calcium
oxide.

Results:

[0077] Visible nicotine particle formation was seen and the mean amounts of nicotine delivered in each 10 puffs of
35cc volume are furnished in Table 2.

Discussion:

[0078] The data on the nicotine delivery clearly demonstrated that the nicotine delivery was enhanced when the 20%
nicotine supplemented tobacco powder was soaked with a saturated solution of calcium oxide. The higher pH likely
favored increased nicotine aerosol formation. In addition, the nicotine delivery was consistent with acceptable variability
for at least 50 puffs.

EXPERIMENT #3: PYRUVIC ACID OVER ALKALINE MIXTURES OF TOBACCO SUPPLEMENTED WITH 10% NIC-
OTINE BASE

Objective:

[0079] The reaction between water and sodium hydroxide pellets is exothermic and hence we hypothesized that the
increased temperature due to exothermic reaction would enhance the nicotine delivery. Therefore, we aimed to take
advantage of the heat generated (in situ) by the exothermic reaction to improve the nicotine aerosol delivery. As a
preliminary experiment, we started with 10% w/w nicotine base added to tobacco powder.

Materials and Method:

[0080] Tobacco mixture: About 750 mg of tobacco from a Marlboro Lights cigarette was triturated to a coarse powder
and mixed with 10% nicotine base (75 mL). About 2 gm of sodium hydroxide pellets was triturated (coarse powder) and
mixed with the tobacco powder in a side arm glass test tube. Then, 3 mL of water was added to the side arm test tube

Table 2. Pyruvic acid vapor passed over 20% nicotine base supplemented alkaline tobacco mixture at room 
temperature

Sample ID Nicotine(mg)/puff

Pyruvic acid over 20% w/w nicotine supplemented alkaline tobacco 
mixture -1

27.83

Pyruvic acid over 20% w/w nicotine supplemented alkaline tobacco 
mixture -2

28.78

Pyruvic acid over 20% w/w nicotine supplemented alkaline tobacco 
mixture -3

16.90

Pyruvic acid over 20% w/w nicotine supplemented alkaline tobacco 
mixture -4

25.37

Pyruvic acid over 20% w/w nicotine supplemented alkaline tobacco 
mixture -5

14.31

Mean (in 50 puffs) Nicotine/puff = 22.64
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and the temperature and pH were measured as 60°C and 8.7, respectively.
[0081] Pyruvic acid: About 2 mL of pyruvic acid was measured into a side arm glass test tube for each experiment
and the air flow was introduced through a Pasteur pipette.
[0082] Testing Procedure: The method described in Experiment #1 was followed here except that the tube B contained
750 mg powdered tobacco from a cigarette, 75 mL of nicotine base and 3 mL of distilled water.

Results:

[0083] Visible particle formation was seen and the mean amount of nicotine delivered in each 10 puffs of 35cc volume
is furnished in Table 3.

Discussion:

[0084] The data on the nicotine delivery demonstrated that the exothermic reaction enhanced the nicotine delivery,
allowing a reduction in the nicotine supplementation of the tobacco from 20% to 10%. In other words, 10% nicotine
supplementation of the tobacco in combination with heat (from exothermic reaction) yielded a nicotine delivery similar
to that of 20% nicotine supplemented tobacco at room temperature. The current results are very encouraging as some
species of tobacco have been reported to contain 8 to 10% of nicotine in the leaf. It should therefore be possible to
obtain nicotine aerosol formation by using the leaves of natural tobacco in place of the 10% nicotine supplemented
tobacco. The linear pattern of fall off in the current experiment can be correlated to the decreased temperature (temper-
ature dependent delivery) of the tobacco mixture. This fall off could, we hypothesized, be compensated by maintaining
the temperature throughout the experiment.

EXPERIMENT # 4: PYRUVIC ACID OVER HEATED ALKALINIZED TOBACCO SUPPLEMENTED WITH 10% NIC-
OTINE BASE

Objective:

[0085] We designed this experiment to investigate the effect of temperature on the nicotine delivery. In this experiment,
a water bath served as a heating source to heat the tobacco mixture that had been supplemented with 10% w/w nicotine
base.

Materials and Method:

[0086] Tobacco mixture: About 750mg of tobacco from Marlboro Lights cigarettes was triturated to a coarse powder
and mixed with 10% nicotine base (75 mL). About 2 gm of sodium hydroxide pellets was triturated (coarse powder) and
mixed with the tobacco powder in a side arm glass test tube. Then, 3 mL of water was added to the side arm test tube
and the temperature was measured to be 60°C. The pH of the nicotine supplemented tobacco mixture was 8.7.
[0087] Pyruvic acid: About 2 mL of pyruvic acid was measured into a side arm glass test tube for each experiment

Table 3. Pyruvic acid vapor passed over 10% nicotine base supplemented alkaline tobacco mixtures at room 
temperature.

Sample ID Nicotine(mg)/puff

Pyruvic acid over 10% w/w nicotine supplemented alkaline tobacco 
mixture -1

19.35

Pyruvic acid over 10% w/w nicotine supplemented alkaline tobacco 
mixture -2

19.24

Pyruvic acid over 10% w/w nicotine supplemented alkaline tobacco 
mixture -3

17.86

Pyruvic acid over 10% w/w nicotine supplemented alkaline tobacco 
mixture -4

14.75

Pyruvic acid over 10% w/w nicotine supplemented alkaline tobacco 
mixture -5

12.06

Mean (in 50 puffs) Nicotine/puff = 16.65
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and the air flow was introduced through a Pasteur pipette.
[0088] Testing Procedure: The method described in Experiment #1 was followed here except that the tube B contained
750mg powdered tobacco from a cigarette, 75 mL of nicotine base and 3 mL of distilled water and the side arm glass
test tube was immersed into a water bath. The water bath temperature ranged from 88 to 96.2 °C for the experiment.

Results:

[0089] Visible nicotine particle formation was seen. The experimental results on the mean amounts of nicotine delivered
in each 10 puffs of 35cc volume are furnished in Table 4.

Discussion:

[0090] The data on the nicotine delivery exhibited that the heat enhanced the nicotine delivery dramatically. Although
there is some variability in the nicotine delivery, there is no linear pattern of fall off. Hence, it is safe to conclude that
application of heat to the nicotine supplemented tobacco enhanced the nicotine aerosol delivery significantly and also
helped to diminish the fall off.

EXPERIMENT # 5: PYRUVIC ACID OVER HEATED ALKALINIZED TOBACCO SUPPLEMENTED WITH 5% NICO-
TINE BASE

Objective:

[0091] We designed this experiment to investigate the effect of temperature on the nicotine delivery when pyruvic acid
vapor passed over the tobacco that was supplemented with 5% w/w nicotine base.

Materials and Method:

[0092] Tobacco mixture: About 750 mg of tobacco from a Marlboro Lights cigarette was triturated to a coarse powder
and mixed with 5% nicotine base (37.5 mL). About 2 gm of sodium hydroxide pellets were triturated (coarse powder)
and mixed with the tobacco powder in a side arm glass test tube. Then, 3 mL of water was added to the side arm test
tube and the temperature was measured to be 80°C. The pH of the nicotine supplemented tobacco mixture was 8.7.
[0093] Pyruvic acid: About 2 mL of pyruvic acid was measured into a side arm glass test tube for each experiment
and the air flow was introduced through a Pasteur pipette.
[0094] Testing Procedure: The method described in Experiment #1 was followed here except that the tube B contained
750 mg powdered tobacco from a cigarette, 37.5 mL of nicotine base and 3 mL of distilled water and the side arm glass
test tube was immersed into a water bath. The water bath temperature ranged from 87.2 to 88.5 °C for the experiment.

Results:

[0095] Visible nicotine particle formation was seen. The experimental results on the mean amounts of nicotine delivered

Table 4. Pyruvic acid vapor passed over heated 10% nicotine base supplemented tobacco mixture

Sample ID Nicotine (mg)/puff Temperature (°C)

Pyruvic acid over heated 10% w/w nicotine supplemented 
alkaline tobacco mixture -1

88.52 88.5

Pyruvic acid over heated 10% w/w nicotine supplemented 
alkaline tobacco mixture -2

65.69 88.8

Pyruvic acid over heated 10% w/w nicotine supplemented 
alkaline tobacco mixture -3

71.79 90.0

Pyruvic acid over heated 10% w/w nicotine supplemented 
alkaline tobacco mixture -4

64.15 92.8

Pyruvic acid over heated 10% w/w nicotine supplemented 
alkaline tobacco mixture -5

54.88 96.2

Mean (in 50 puffs) Nicotine/puff = 69.00
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in each 10 puffs of 35cc volume are furnished in Table 5.

Discussion:

[0096] The data on the nicotine delivery exhibited that the heat enhanced the nicotine delivery dramatically. The mean
amount of nicotine aerosol delivery in the current experiment (with 5% nicotine base supplementation) is comparable
to the 10% nicotine supplemented tobacco. Although there is some variability in the nicotine delivery, there is no linear
pattern of fall off. Hence, application of heat to the nicotine supplemented tobacco has enhanced the nicotine aerosol
delivery significantly and also helped to diminish the fall off. Furthermore, it is possible to achieve higher nicotine aerosol
delivery even with 5% supplementation of nicotine base. This is an important result as many of the tobacco species
have been reported to have about 5% nicotine in their leaves.

EXPERIMENT # 6: PYRUVIC ACID OVER HEATED ALKALINIZED TOBACCO

Objective:

[0097] The previous experimental results (Experiment #5) have demonstrated that the nicotine aerosol delivery has
been substantially enhanced even at 5% w/w nicotine base supplementation. Hence, we decided to conduct the current
experiment using tobacco powder without any nicotine base supplementation to see if there is any significant nicotine
aerosol formation.

Materials and Method:

[0098] Tobacco mixture: About 750 mg of tobacco from a Marlboro Lights cigarette was triturated to a coarse powder
and mixed with about 2 gm of sodium hydroxide powder in a side arm glass test tube. Then, 3 mL of water was added
to the tobacco and sodium hydroxide mixture (the temperature of the exothermic reaction between sodium hydroxide
and water was measured as 80°C). The pH of the tobacco mixture was 8.4.
[0099] Pyruvic acid’. About 2 mL of pyruvic acid was measured into a side arm glass test tube for each experiment
and the air flow was introduced through a Pasteur pipette.
[0100] Testing Procedure: The method described in the Experiment #1 was followed here except that the tube B
contained 750 mg powdered tobacco from cigarette and 2 g sodium hydroxide and 3 mL of distilled water; and the side
arm glass test tube was immersed into a water bath. The water bath temperature ranged from 85.5 to 88.5 °C for the
experiment.

Results:

[0101] Visible nicotine particle formation was observed. The experimental results on the mean amounts of nicotine
delivered in each 10 puffs of 35cc volume are furnished in Table 6.

Table 5. Pyruvic acid vapor passed over heated 5% nicotine base supplemented alkaline tobacco mixture

Sample ID Nicotine(mg)/puff Temperature (°C)

Pyruvic acid over heated 5% w/w nicotine supplemented 
alkaline tobacco mixture -1

71.02 88.5

Pyruvic acid over heated 5% w/w nicotine supplemented 
alkaline tobacco mixture -2

81.60 87.9

Pyruvic acid over heated 5% w/w nicotine supplemented 
alkaline tobacco mixture -3

64.19 87.2

Pyruvic acid over heated 5% w/w nicotine supplemented 
alkaline tobacco mixture -4

62.84 87.2

Pyruvic acid over heated 5% w/w nicotine supplemented 
alkaline tobacco mixture -5

59.94 87.4

Pyruvic acid over heated 5% w/w nicotine supplemented 
alkaline tobacco mixture -6

73.54 87.5

Mean (in 60 puffs) Nicotine/puff = 68.86
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Discussion:

[0102] The mean amount nicotine aerosol delivery in the current experiment (with no nicotine base supplementation)
is very significant and there is no linear pattern of fall off in nicotine delivery over 60 puffs. It seems likely that the heat
is serving to enhance nicotine evaporation and also helping to diminish the nicotine delivery fall off (which was observed
in the room temperature experimental conditions).

EXPERIMENT # 7: PYRUVIC ACID OVER HEATED ALKALINIZED TOBACCO AT pH 10

Objective:

[0103] We designed the current experiment based on the theory that the increased concentration of unprotonated
(unionized) nicotine could be achieved in the tobacco mixture by increasing the pH to 10. Therefore, the unionized
nicotine would facilitate the nicotine aerosol formation with pyruvic acid.

Materials and Method:

[0104] Tobacco mixture: About 750 mg of tobacco from a Marlboro Lights cigarette was triturated to a coarse powder
and mixed with about 2 gm of sodium hydroxide powder in a side arm glass test tube. Then, 3 mL of water was added
to the tobacco and sodium hydroxide mixture (the temperature of the exothermic reaction between sodium hydroxide
and water was measured as 80°C). The pH of the tobacco mixture was adjusted to 10 by addition of saturated solution
of potassium carbonate and the final volume of the tobacco mixture increased to 11 mL.
[0105] Pyruvic acid: About 2 mL of pyruvic acid was measured into a side arm glass test tube for each experiment
and the air flow was introduced through a Pasteur pipette.
[0106] Testing Procedure: The method described in the Experiment #1 was followed here except that the tube B
contained about 3 mL of the tobacco mixture (pH 10) and the side arm glass test tube was immersed into a hot water
bath where the temperature ranged from 91.3 to 93.1°C.

Results:

[0107] Visible nicotine particle formation was seen. The experimental results on the mean amounts of nicotine delivered
in each 10 puffs of 35cc volume are furnished in Table 7.

Table 6. Pyruvic acid vapor passed over heated tobacco mixture at pH 8.4

Sample ID Nicotine(mg)/puff Temperature (°C)

Pyruvic acid over heated tobacco mixture -1 40.73 85.5

Pyruvic acid over heated tobacco mixture -2 36.49 88.5

Pyruvic acid over heated tobacco mixture -3 34.55 88.4

Pyruvic acid over heated tobacco mixture -4 40.64 88.1

Pyruvic acid over heated tobacco mixture -5 39.87 88.4

Pyruvic acid over heated tobacco mixture -6 39.66 88.5

Mean (in 60 puffs) Nicotine/puff = 38.66

Table 7. Pyruvic acid vapor passed over heated tobacco mixture at pH 10

Sample ID Nicotine(mg)/puff Temperature (°C)

Pyruvic acid over heated tobacco mixture -1 57.08 92.4

Pyruvic acid over heated tobacco mixture -2 66.42 93.1

Pyruvic acid over heated tobacco mixture -3 65.37 93.1

Pyruvic acid over heated tobacco mixture -4 65.42 92.5

Pyruvic acid over heated tobacco mixture -5 54.33 91.3
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Discussion:

[0108] The nicotine delivery in the current experiment is significantly higher than the previous experiment (where the
pH of the tobacco mixture was 8.4). It is also interesting to note that the nicotine deliveries were found to be substantial
even when a portion of tobacco mixture was allowed to react with pyruvic acid vapor. Hence, the pH adjustment (preferably
higher pH) in the tobacco mixture is critical to make the tobacco nicotine available in unprotonated or unionized form for
the reaction with acid to yield higher nicotine delivery in the aerosol. It is plausible to conclude that the combination of
heat and increased pH (using the sodium hydroxide and/or sodium bicarbonate or potassium carbonate or potassium
hydroxide or calcium oxide or calcium hydroxide) in the tobacco mixture would be an appropriate approach to get
enhanced nicotine aerosol formation with pyruvic acid.

EXPERIMENT # 8: INVESTIGATION OF TOBACCO AEROSOL FORMATION WITH PYRUVIC ACID IN A MINIA-
TURIZED/CIGARETTE SIZED DEVICE (10CM LONG AND 8MM ID)

Objective:

[0109] The current experiment was conducted to design a cigarette-sized device. Hence, we attempted to translate
the laboratory design into a size and shape appropriate for consumer use.

Materials and Method

Matrix materials used:

[0110] Air-freshener wick samples (X-40495 fiber from Porex Technologies) were used as a matrix in which pyruvic
acid was loaded and a rolled version of stainless steel screen (70 S/Steel Mesh, TSI Filtration Technologies, Sanford,
NC 27332) with a dimension of 4mm ID and 6 cm long was used as a barrier between the moistened, alkalinized tobacco
mixture and pyruvic acid air flow.

Tobacco mixture used:

[0111] About 750 mg of tobacco from a Marlboro Lights cigarette was triturated to a coarse powder and mixed with
about 2 gm of sodium hydroxide coarse powder and moistened with 1.5 mL distilled water in a glass beaker.

Experimental design:

[0112] A piece of air-freshener wick was loaded with 200 mL of pyruvic acid (pyruvic acid source element). The rolled
stainless steel screen (stainless steel roll) with Teflon washers at both ends was inserted into an 8mm ID and 10cm long
Teflon tube (outer housing). The moistened, alkalinized tobacco mixture was packed between the outer housing and
stainless steel roll by making a 4cm long longitudinal opening on the Teflon outer housing (tobacco source element).
The longitudinal opening was closed by rolling Teflon tape and Parafilm tape such that there was no leak. The gap
between the pyruvic acid source element and tobacco source element was 2 cm. The arrangement of the source elements
was in such a way that a measured volume of air (35cc at 2 sec duration and 5 second inter puff interval for 10 times)
pulled by an automated syringe pump traveled first through the pyruvic acid source element and then through the tobacco
source element to form an aerosol. The proximal end of the device was connected to an automated syringe pump
containing a Cambridge filter to collect the aerosol products. For the elevated temperature (65-75°C) experiment, the
6cm long device (which had only a tobacco source clement) was rolled with a thermal tape which was connected to a
thermostat. The device was heated/equilibrated for 3 minutes prior to sampling.

Results:

[0113] The samples were analyzed for nicotine content and reported in Table 8 and Table 9.

(continued)

Sample ID Nicotine(mg)/puff Temperature (°C)

Mean (in 50 puffs) Nicotine/puff = 61.76
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Discussion:

[0114] The data indicate that when both the acid and base were loaded onto a matrix, in this case, air-freshener for
acid and rolled stainless steel screen for tobacco source, a comparable nicotine delivery was obtained as with the
experimental apparatus used in Experiment 7. In addition, the elevated temperature (65-75°C) condition dramatically
increased the nicotine delivery (approximately 10 fold) when compared to the nicotine delivery at ambient condition.

EXPERIMENT # 9: PARTICLE SIZE DETERMINATION OF THE AEROSOL PARTICLES THAT WERE GENERATED 
BY NICOTINE IN ALKALINIZED TOBACCO MIXTURES AND PYRUVIC ACID BY USING CASCADE IMPACTOR

[0115] About 2 mL of pyruvic acid was added into a side arm glass test tube (acid tube) and about 750 mg of tobacco
powder from a Marlboro Lights cigarette and 2 gm of sodium hydroxide or calcium hydroxide or potassium hydroxide
powder in another side arm glass test tube; and about 3 mL of water was added to the test tube (tobacco mixture tube).
The acid tube was connected to the tobacco mixture tube in a sequential way where the acid vapor passed over the
tobacco mixture. The tobacco mixture tube connected to a Cascade Impactor, which had 7 stages (as stage 3, 4, 5, 6,
7, 8 and filter). The outlet from the Cascade Impactor was connected to a Cambridge filter pad (backup filter) in order
to collect the aerosol product upon pulling a volume of 35 cc air at 2 seconds duration (at 5 second intervals) for 100
times (100 puffs) using an automated syringe pump. Each stage of the Cascade Impactor was evaluated for nicotine
content and calculated for Mass Median Aerodynamic Diameter (MMAD) of the aerosol particles and the results arc
furnished in Table 10.

Table 8. Nicotine delivery in a miniaturized device experiment at ambient temperature

Sample ID Nicotine (mg/puff)

Pyruvic acid in air-freshener wick over tobacco source-1 7.16

Pyruvic acid in air-freshener wick over tobacco source-2 6.57

Pyruvic acid in air-freshener wick over tobacco source-3 6.41

Pyruvic acid in air-freshener wick over tobacco source-4 6.43

Mean nicotine (in 40puffs) 6.64

Table 9. Nicotine delivery in a miniaturized device experiment at elevated temperature

Sample ID Nicotine (mg/puff)

Pyruvic acid in air-freshener wick over tobacco source-1 43.04

Pyruvic acid in air-freshener wick over tobacco sourcc-2 62.69

Pyruvic acid in air-freshener wick over tobacco source-3 71.31

Pyruvic acid in air-freshener wick over tobacco source-4 70.47

Mean nicotine (in 40puffs) 61.88
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EXPERIMENT # 10: QUALITATIVE INVESTIGATION OF CHEMICAL COMPOUNDS (NITROGEN CONTAINING 
COMPOUNDS) IN THE SAMPLES OBTAINED FROM TOBACCO AEROSOL, RUYAN E-CIGARETTE, RUYAN CI-
GAR, ACCORD CIGARETTE AND MARLBORO LIGHTS CIGARETTE

Objective:

[0116] The current experiment was a preliminary attempt to identify the number of chemical compounds (nitrogen
containing compounds) in the tobacco aerosol when compared with some commercially available nicotine delivery
systems or devices.

Materials and Method:

[0117] Collection of tobacco aerosol: Pyruvic acid vapor from about 2 mL of pyruvic acid in a side arm glass test tube
(acid tube) was passed over another side arm test tube that contained about 750 mg of tobacco powder from a Marlboro
Lights cigarette, 2 gm of sodium hydroxide and 3 mL of water. The latter tube was connected to an automated syringe
pump through a Cambridge filter to collect 10 puffs (35cc, 2 seconds duration and 5 seconds inter puff interval). The
Cambridge filter was soaked in 5 mL of methanol and extracted to obtain the tobacco aerosol extract.
[0118] Collection of samples from commercial products: Accord cigarette was inserted into an Accord heating system
and the filter side was connected to an automated syringe pump. Likewise, the mouth piece of Ruyan e-cigarette, Ruyan
cigar and filter of a Marlboro Lights cigarette (after ignition) was connected to the automated syringe pump and 10 puffs
were collected (35cc, 2 second duration and 5 second inter puff interval) in a Cambridge filter from each device. The

Table 10. Particle size determination of tobacco aerosol

Reactants Stage number of 
Cascade Impactor

Nicotine mg/
sample

Calculated Mass Median 
Aerodynamic Diameter (MMAD) of 
aerosol particles

Pyruvic acid over alkalinized (with 
sodium hydroxide) tobacco mixture

3 3.2

0.55 mm

4 3.0

5 3.0

6 2.8

7 3.1

8 5.0

Filters 24.1

Pyruvic acid over alkalinized (with 
calcium hydroxide) tobacco 
mixture

3 0.0

0.64 mm

4 0.0

5 0.0

6 0.0

7 3.7

8 31.0

Filters 54.3

Pyruvic acid over alkalinized (with 
potassium hydroxide) tobacco 
mixture

3 0.0

0.51 mm

4 0.0

5 0.0

6 0.0

7 0.0

8 4.4

Filters 45.7
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Cambridge filter was soaked in 5 mL of methanol and extracted to obtain Accord cigarette extract, Ruyan e-cigarette
extract, Ruyan cigar extract and Marlboro Cigarette extract.
[0119] Instrumentation: About 1 mL of the Tobacco aerosol extract, Ruyan e-cigarette extract, Ruyan cigar extract,
Accord cigarette extract and Marlboro cigarette extract was injected individually into a Gas Chromatography system
(Agilent GC-HP6890 Series with NPD). The parameters for all the sample injections were identical.

Results:

[0120] The total ion chromatograms (TIC) of the tested samples (Tobacco aerosol extract, Ruyan e-cigarette extract,
Ruyan cigar extract, Accord cigarette extract and Marlboro cigarette extract) are presented in the following pictures.
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Discussion:

[0121] The graphical illustration (x-axis is retention time and y-axis is the response factor) of the total ion chromatogram
(TIC) of tobacco aerosol extract has clearly demonstrated that the extract has two peaks for nitrogen containing com-
pounds. While we knew that the peak at retention time 3.8 is for nicotine, the substance responsible for the other peak
at retention time 6.16 is not identified. Based on the qualitative TICs, it is very clear that the tobacco aerosol extract is
the purest one while the Marlboro cigarette extract is the most complex mixture of nitrogen containing compounds.
Furthermore, certain nitrogen containing compounds have been linked to the carcinogenic effects in smokers; the tobacco
aerosol will avoid the delivery of these carcinogenic compounds. From these experimental results, it can be concluded
that the tobacco aerosol is a superior nicotine delivery system with a negligible amount of other nitrogen containing
chemicals when compared to the prior art.

EXEMPLARY DEVICES ADAPTED FOR USE WITH THE METHODS HEREIN

[0122] Delivery devices of some embodiments comprise a housing which simulates a tobacco smoking article. The
housing may simulate the size, shape, and/or configuration of any article used for smoking tobacco articles. Non-limiting
examples of smoking articles according to the present invention include cigarettes, cigars, cigarillos and pipes.
[0123] Delivery devices of some embodiments comprise a housing which simulates a pharmaceutical inhalation device.
The housing may simulate the size, shape, and/or configuration of any pharmaceutical device used for inhalation. Non-
limiting examples of pharmaceutical inhalation devices according to the present invention include, metered dose inhalers,
pressurized metered dose inhalers, dry powder inhalers, nebulizers and liquid based inhalers.

Exemplary Devices

[0124] Figure 1 is a simplified schematic of a device for use in a parallel particle formation process. The device exterior
wall 90 may be a flexible, insulating material such as reflective aluminum foil and/or deformable material defining two
concentric walls with an air barrier or vacuum in between. Compartments 100 and 110 contain the natural product
nicotine source and the source of the compound for forming particles comprising nicotine and/or other alkaloid(s),
respectively. These are separated by a dividing wall 120. The gaseous carrier enters compartments 100 and 110 through
apertures 130 and 140, respectively, picks up nicotine vapor and particle forming compound, and carries these into
mixing chamber 150 where optional baffles 160 create turbulence for mixing. The resulting nicotine particles then pass
through optional compartment 170 which may have a filter 180 for, e.g., removing unreacted compound for forming
particles comprising nicotine and/or other alkaloid(s). The particles comprising nicotine then are carried by the gaseous
carrier out aperture 185. Element 190 is the source of compound for forming particles comprising nicotine. The source
clement 190 may be for example an ePTFE fiber plug saturated with pyruvic acid. The nicotine source 200 is in this
embodiment a plug of finely cut or ground tobacco held together by a flexible, mesh encasement 205 having 3-5 mi-
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crometer pores. Within the tobacco arc powdered alkalinization compounds 210 such a NaOH in this example. Also
encased with nicotine source 200 is an ampoule 220 of water or an aqueous solution such as water saturated with NaCl.
The ampoule 220 is adapted to rupture upon application of pressure to deform exterior wall 90 and compress encasement
205. This releases the water which dissolves the alkalinization compound NaOH 210. This reaction is generally exothermic
and thus contributes heat to further increase the release of nicotine. Using the chemical reaction as the heating source
will generally be in embodiments where device exterior wall 90 is a flexible, insulating material. Temperature may also
be optionally controlled by flexible heating element sheets 230 and 240 lining compartments 100 and 110 and/or a
heating element integral to dividing wall 120. Heating elements will generally be powered by a battery 250. For long
term storage (e.g. > 90 days), the device may be adapted to be sealed and or re-sealable at apertures 130, 140 and
185. In alternative configurations, compartments 100 and 110 may be arranged in linear sequence such that a gaseous
carrier passes through one then the next in succession before entering mixing chamber 150.
[0125] Figures 2A-C shows an exemplary device having a sequential configuration with the source of the compound
for forming particles comprising nicotine (pyruvic acid) then the natural product nicotine source (tobacco). The details
of this device are disclosed in the discussion of Experiment #8 above and in the figure texts.

INDUSTRIAL APPLICABILITY

[0126] The methods and devices herein are useful for the therapeutic delivery of nicotine for smoking cessation, harm
reduction and/or substitution. In addition, the devices and methods herein are useful as an alternative, general nicotine
delivery system in place of tobacco combustion or high temperature (over 150 degrees C) products.
[0127] Although the present invention and its advantages have been described in detail, it should be understood that
various changes, substitutions and alterations can be made herein without departing from the spirit and scope of the
invention as defined by the appended claims. Moreover, the scope of the present application is not intended to be limited
to the particular embodiments of the process, machine, manufacture, composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the art will readily appreciate from the disclosure of the present
invention, processes, machines, manufacture, compositions of matter, means, methods, or steps, presently existing or
later to be developed that perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention. Accordingly, the ap-
pended claims are intended to include within their scope such processes, machines, manufacture, compositions of
matter, means, methods, or steps.
[0128] All references and other information cited to, or otherwise identified herein, are hereby incorporated by reference
in their entireties as if each had been separately so incorporated.
[0129] A non-exhaustive list of non-limiting examples of the invention is provided in the following paragraphs:
[0130] A device for delivering nicotine to a subject, the device comprising a housing, the housing comprising:

a) an inlet and an outlet in communication with each other and adapted so that a gaseous carrier may pass into the
housing through the inlet, through the housing and out of the housing through the outlet, the device comprising from
inlet to outlet:

b) a first internal area in communication with the inlet, the first internal area comprising either a source of the
compound for forming particles comprising nicotine and/or other alkaloid(s) or a natural product nicotine source,

c) a second internal area in communication with the first internal area, the second internal area comprising the other
source listed for step b), and

d) optionally, a third internal area in communication with the second internal area and the outlet.

[0131] A device for delivering nicotine to a subject, the device comprising a housing, the housing comprising:

a) an inlet and an outlet in communication with each other and adapted so that a gaseous carrier may pass into the
housing through the inlet, through the housing and out of the housing through the outlet, the device comprising from
inlet to outlet:

b) a first internal area in communication with the inlet, the first internal area comprising a source of the compound
for forming particles comprising nicotine and/or other alkaloid(s),

c) a second internal area in communication with the inlet, the second internal area comprising a natural product
nicotine source, and
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d) optionally, a third internal area in communication with the first and second internal areas and the outlet.

[0132] The device of [0205] or [0206], wherein the source of the compound for forming particles comprising nicotine
and/or other alkaloid(s) comprises an adsorption element with the compound for forming particles comprising nicotine
and/or other alkaloid(s) adsorbed thereon.
[0133] The device of [0207], wherein the adsorption element or elements comprises at least one of glass, aluminum,
Polyethylene Terephthalate (PET), Polybutylene Terephthalate (PBT), Polytetrafluoroethylene (PTFE or TEFLON®),
Expanded Polytetrafluoroethylene (ePTFE) (ePTFE is described for example in U.S. Patent No. 4,830,643), and
BAREX®.
[0134] The devices of [0205]-[0208], further comprising a first reservoir in communication with the source of the
compound for forming particles comprising nicotine and/or other alkaloid(s), the first reservoir comprising the compound
for forming particles comprising nicotine and/or other alkaloid(s).
[0135] The devices of [0205]-[0209], comprising the third internal area, the third internal area optionally comprising a
gaseous carrier turbulence element and/or an additional source element.
[0136] The devices of [0205]-[0210], further comprising an internal area element in communication with the outlet
optionally comprising a purifying agent.
[0137] A method of delivering nicotine to a subject by inhalation, the method comprising the steps of:

a) first placing a gaseous carrier in communication with a natural product nicotine source comprising a nicotine,

b) second placing the gaseous carrier in communication with a source of a compound for forming particles comprising
nicotine and/or other alkaloid(s), and

c) third providing the gaseous carrier comprising the nicotine to a subject.

[0138] A method of delivering nicotine to a subject by inhalation, the method comprising the steps of:

a) first placing a gaseous carrier in communication with a source of a compound for forming particles comprising
nicotine and/or other alkaloid(s),

b) second placing the gaseous carrier in communication with a natural product nicotine source comprising a nicotine,
and

c) third providing the gaseous carrier comprising the nicotine to a subject.

[0139] A method of delivering nicotine to a subject by inhalation, the method comprising the steps of:

a) placing a first gaseous carrier in communication with a source of a compound for forming particles comprising
nicotine and/or other alkaloid(s),

b) placing a second gaseous carrier in communication with a natural product nicotine source comprising a nicotine,

c) combining the first and second gaseous carriers to form nicotine particles in a combined gaseous carrier, and

d) providing the combined gaseous carrier comprising the nicotine particles to a subj ect.

[0140] The method of [0212]-[0214], wherein the source of the compound for forming particles comprising nicotine
and/or other alkaloid(s) comprises a plurality of internal areas comprising two or more precursor compounds.
[0141] The method of [0215], wherein the compound for forming particles comprising nicotine and/or other alkaloid(s)
comprises ammonium chloride and the two or more precursor compounds include ammonia and hydrogen chloride.
[0142] The method of [0212]-[0215], wherein the compound for forming particles comprising nicotine and/or other
alkaloid(s) comprises an acid.
[0143] The method of [0217], wherein the acid is an organic acid.
[0144] The method of [0218], wherein the organic acid has a greater vapor pressure than nicotine base at a given
temperature.
[0145] The method of [0218], wherein the given temperature is 25, 30, 40, 45, 60, 70 or 100 degrees C.
[0146] The method of [0218]-[0220], wherein the acid is selected from the group consisting of 3-Methyl-2-oxovaleric
acid, Pyruvic acid, 2-Oxovaleric acid, 4- Methyl-2-oxovaleric acid, 3-Methyl-2-oxobutanoic acid, 2-Oxooctanoic acid and
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combinations thereof.
[0147] The method of [0212]-[0221], wherein the nicotine particles formed are less than 6 microns in Mass Median
Aerodynamic Diameter.
[0148] The method of [0212]-[0222], further comprising the step of increasing the temperature of the compound for
forming particles comprising nicotine and/or other alkaloid(s), the source of the compound for forming particles comprising
nicotine and/or other alkaloid(s), the nicotine and/or other alkaloid(s), the natural product nicotine source and/or the
gaseous carrier.
[0149] A method of tobacco product substitution comprising delivering nicotine to a subject by the method of
[0212]-[0223] to substitute for nicotine derived from a combustion tobacco product such as cigarettes and cigars.
[0150] A device configured to be capable of carrying out the method of [0212]-[0224].
[0151] Any of the methods or devices of [0205]-[0225], wherein the natural product nicotine source has been treated
to increase the release of volatile nicotine and/or other alkaloid(s), from the natural product nicotine source, by one or
more of the following:

a) Minutizing the natural product nicotine source such as cutting, chopping or grinding;

b) Raising the pH of the natural product nicotine source above neutral pH, such as above pH 8.0, above pH 9.0 or
above pH 10.0;

c) Mixing or homogenization of the natural product nicotine source to produce a liquefied suspension, optionally
clarified to remove some to all visible particulate matter;

d) Supplementing the natural product nicotine source with nicotine base;

e) Treating the natural product nicotine source with enzymes or detergents to break down the cellulose contained
therein in order to render the nicotine more available for release through volatilization or other means;

f) Using molecular sieves or other desiccants to reduce the water content of the natural product nicotine source in
order to increase the relative concentration of nicotine; and/or

g) Using high salt content solution such as saturated NaCl solution or brine to extract nicotine and other alkaloids.

[0152] Any of the methods or devices of [0205]-[0226], wherein the temperature of one or more of a) the nicotine
source, b) the source of the compound for forming particles comprising nicotine and/or other alkaloid(s) and/or c) the
gaseous carrier, is below 150 degrees C, preferably below 100 degrees C such as 25, 30, 40, 45, 60, 70 or 80 6 5
degrees C.

Claims

1. A device for delivering nicotine to a subject, the device comprising a housing (10), the housing comprising:

a) an inlet (40) and an outlet (50) in communication with each other and adapted so that a gaseous carrier may
pass into the housing through the inlet, through the housing and out of the housing through the outlet, the device
comprising from inlet to outlet:
b) a first internal area in communication with the inlet, the first internal area comprising either a source of a
compound for forming particles comprising nicotine (30) or a natural product nicotine source (20),
c) a second internal area in communication with the first internal area, the second internal area comprising the
source not selected for step b), and
d) optionally, a third internal area in communication with the second internal area and the outlet.

2. A device according to claim 1, wherein the device is configured to increase the temperature of the source of a
compound for forming particles comprising nicotine (30).

3. A device according to claim 1 or 2, wherein the device is configured to increase the temperature of the natural
product nicotine source (20).

4. A device according to any one of claims 1 to 3, wherein the device is configured to increase the temperature of the
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source of a compound for forming particles comprising nicotine (30) to at least 60 degrees Celsius.

5. A device according to any one of claims 1 to 4, wherein the device is configured to increase the temperature of the
natural product nicotine source (20) to at least 60 degrees Celsius.

6. A device according to any one of claims 1 to 5, wherein the device is configured to increase the temperature of the
source of a compound for forming particles comprising nicotine (30) to below degrees 150 Celsius.

7. A device according to any one of claims 1 to 6, wherein the device is configured to increase the temperature of the
natural product nicotine source (20) to below 150 degrees Celsius.

8. A device according to any one of claim 1 to 7 wherein the first internal area comprises the source of the compound
for forming particles comprising nicotine (30) and the second internal area comprises the natural product nicotine
source (20).

9. A device according to any one of claim 1 to 8 wherein the natural product nicotine source (20) has been treated to
increase the release of volatile nicotine from the natural product nicotine source by minutizing the natural product
nicotine source such as cutting, chopping or grinding.

10. A device according to any one of claim 1 to 9 wherein wherein the source of the compound for forming particles
comprising nicotine comprises an adsorption element with the compound for forming particles comprising nicotine
adsorbed thereon.

11. A device according to any one of claim 1 to 10 further comprising a first reservoir in communication with the source
of the compound for forming particles comprising nicotine, the first reservoir comprising the compound for forming
particles comprising nicotine.
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